Objective: Confirmation whether an optimized clinical cardiac CT scan protocol is also optimal for post mortem cardiac CT scans without iodine contrast or the reconstruction parameters should be changed. Materials and methods: 27 CT volumes (three cases for three reconstruction kernel with three different iterative reconstruction settings) were graded by six readers in order to find the optimal reconstruction parameters. The scans were performed on a Siemens Definition Flash CT scanner using 120kV tube potentials. Results: The study has shown that from the investigated options the softest cardiac kernel with the strongest iterative reconstruction were preferred by the readers (I26 Safire 3).
Introduction
The number of performed forensic computed tomography (CT) scans is considerable smaller than in general clinical practice. While special circumstances might require specialized methodology [1] , clinical scans form the basis for recommended protocols for routine post mortem scans. The post mortem alterations [2] and the general lack of iodine contrast administration might introduce a need for scan protocols optimized for forensics medicine. Cardiac pathology is the most common cause of sudden unexpected death, and dedicated post mortem cardicac CT (PMcCT) is an experimental attempt to better visualize pathology when angigraphy has not been performed.
The aim of this study was to evaluate whether readers find the same cardiac CT scan protocol best for post mortem investigation as is recommended for clinical scans even though inferior vena cava (IVC) contrast was not administered.
Filtered back projection (FBP) is considered the gold standard reconstruction for decades in CT imaging. The main drawback of FBP is the fact that it cannot take noise properties of the signal into account. Iterative reconstruction (IR) was introduced to more accurately model the physical and statistical phenomena. IR achieves similar-to-FBP image quality at reduced dose, or less noise at same dose level. However, iterative reconstruction also changes the noise power spectrum, and the textures in the image. Depending on the modeling strategy, whether it is image-space only, sinogram-space, or both, and what physical phenomena are included in the model, finding the optimal parameters are still an open question. FBP has more limited options to mitigate noise. Different kernel-families were developed by the vendors to find a good balance between sharpness and noise. Often the iterative reconstructions are derived from the FBP reconstruction, and they try to yield the same sharpness as their FBP counterparts but with reduced noise level. Detailed review about the state of the art iterative algorithms was published by Geyer et al. [3] Image quality (IQ) assessment is a major challenge in radiology due to the multivariate optimization problem such as dose, sharpness, noise, among others [4, 5, 6] . Several methods are applied in order to determine the best clinical settings, as it presented in a review from Manssons et al. [7] .
While special circumstances, e.g. presence of foreign objects, might cause image artifacts [8] , arguable post mortem alterations mostly affect the subjective image quality. If readers evaluate several different reconstructions, would they prefer the same reconstruction settings as it was recommended in the clinical practice? This question is the core of this paper, and a visual grading study was performed to answer it.
Arguably, one of the most frequently used methods for subjective IQ assessment in radiology is the visual grading (VG) with or without reference image [7] . It has advantages, it scales well with the number of images, and has disadvantages, e.g. the difficulty of choosing criteria. The European Commission (EC) released guidelines for image quality criteria for computed tomography [9] which helps to standardize them. Similarly, the statistical analysis of VGA studies went through a long evolution from t-tests to visual grading characteristics (VGC) [10] and visual grading regression (VGR) [11] . This paper focuses on two choices for protocol optimization: the reconstruction kernel selection and the use of iterative reconstruction. These options were investigated using published IQ criteria, and analyzed with VGR.
Many other parameters could be investigated, including dose, slice thickness, tube voltage, but in this study these parameters were kept constant, and only the effect of the various kernels and iterative reconstruction parameters was studied. Germany) 1 were selected for the study using three different reconstruction kernels with filtered back projection (FBP) and two iterative reconstruction (Safire 2 and 3). B26, B36 and B46 kernels were used for FBP, and the closely related I26, I36, I46 kernels were used for Safire reconstructions. The three scans with three kernels and the three reconstruction options yielded 27 CT volumes in total. FBP and Safire 2 and 3 were chosen because in general these are the gold standard and the most preferred options [12] , respectively. Scan and reconstruction parameters are presented in Table 1 . Automatic dose modulation were used, and the table contains the effective tube current.
Materials and methods

Data collection and readers
In this paper, B26/I26 notation refers to the group of B26 with FBP and I26 with Safire 2 and Safire 3. B36/I36 and B46/I46 follow the same logic.
These CT volumes were presented to six readers on calibrated 10bit medical display (EIZO Radiforce G22 2 ) from approximately 60cm distance and using the display windows set by the scanner. No time constraints were given. The volumes were presented blinded, anonymized and in randomized order for each reader, both with respect to the reconstruction parameters and to the cases.
The three of the six readers were experienced radiographers, and three of the six were second year radiographer students. At the beginning of the reading session the objectives of the study and the use of the evaluation software were explained to the readers and they could ask as questions if they wished.
However, one of the readers (reader 4) made a mistake during recording responses, and was allowed to restart the study. While including or excluding this reader does not change the outcome, later we decided to exclude the reader's responses from the study. However, the responses are available in the online dataset.
Identifier Criterion
C1 Visually sharp reproduction of the heart C2
Reproduction of the left venticular C3
Visually sharp reproduction of the pleuromediastinal border C4
Sharp/clear demarcation of the aortic wall C5
General impression of contrast C6
General impression of noise C7
General impression of artifacts Table 2 . Criteria for visual grading.
Visual grading
Seven criteria were presented to the readers in their native language, and they were asked to score the CT volumes on a 5-grade scale where 1 was the worst and 5 was the best. The translation of the criteria and the specific meaning of the grades were presented in Table 2 and 3, respectively. The criteria C1-C4 are based on EC guidelines [9] , and C5-C7 are meant to represent general perceived image quality. ViewDEX presentation software [13] were used to display the volumes and criteria, and record the responses and the response times. The response times were only used for quality control (see in Discussion part), and were not taken into account as image quality descriptors.
Data analysis
Visual grading uses ordinal scale which means that higher score belongs to better results but the difference between 2 and 3 is not necessarily the same as between 3 and 4. The aim is to determine which kernel and which iterative reconstruction peform the best while the external factors (e.g. reader differences) are taken into account.
For this purpose, visual grading regression [11] was developed, which is model based on ordinal logistic regression. This model predicts the logarithm of odds ratio (OR) changes if a risk factor is present. These odds ratios are a bit harder to interpret than differences between mean values, but they are mathematically more founded. For details of VGR we refer back to the original publication [11] .
However, the mean VGA score (VGAS) [7] is still widely used, and despite their shortcomings [14] , shows the magnitude of the difference between options, and makes the results more comparable to other VGA studies. These two models, VGR and VGAS were the core for analyzing the data.
VGAS is calculated as follows:
where S c is the given score, and it should be averaged for the number of readers(N R ) and the number of images (N I ).
Criteria
Score Confidence level C1, C2, C3, C4 5 very well reproduced -the structure had completely distinct shape (see Table 2 For using ordinal scale and taking into account the different factors (kernels, iterative reconstruction, readers differences, etc.), and deciding whether an effect is significant, one should use the regression model.
The data analysis were conducted with the R open source statistical language [15] . The ordinal logistic regression model is calculated with the MASS package [16] from R. Using R's notation, the model is the following:
where polr denotes the ordinal logistic regression function, score is the predicate, and IR, Kernel, ReaderID and CaseID are the non-numeric groups for iterative reconstructions, reconstruction kernels, readers and the scanned volume, respectively. This model takes into account the iterative reconstructions, the kernels and also the differences between the readers and between the cases. These later two factors might influence the scores, therefore, they should be taken into account. For each criterion, the odds ratios with corresponding p-values were determined. The odds ratios in the ordinal logistic regression model are multiplicative factors, if more than two options are present.
Tables 4 and 5 report the result of the statistical model of VGR for different iterative reconstruction options and for the different kernels, respectively. Note that the model uses B26 with FBP as baseline, and results show the increased or decreased odds if a parameter was changed. To ease the interpretation, the most preferred options are presented in the last column of the tables. Table 6 . Overall mean scores for for the different kernels and reconstruction options. Highest value is indicated with green color.
Criterion
All criteria were related to an overall image quality. The line overall refers to the mean of the scores given averaging the scores over the criteria. As mentioned before, calculating VGAS is a very basic approach, but it is still frequently used and to give a complete picture Table 6 presents the mean values for this overall image quality score. Due to the shortcomings of this simple model, it would be misleading to present p-values and confidence intervals for this model. Tables 4 and 5 show that I26 and Safire 3 were the most preferred reconstruction options. Safire 3 performed significantly better than Safire 2 or the baseline FBP reconstruction. On the other hand, B26/I26 performed best in all but one case. However, difference between B26/I26 and B36/I36 was not statistically significant in any of the cases. In general B46/I46 performed worse than the other two options, and in half of the cases it was statistically significantly worse. These results are in agreement with the simpler VGAS in the Table 6 .
Results
The logistic model assumes that there is no interaction between the covariates. Due to the number of observations in this study, interaction between the covariates could not be investigated to get statistically significant results for the large number of free parameters.
In addition to the regression model, Spearman's rank order correlation was used to investigate the responses to the different criteria and to analyze the agreement between readers. Correlation plot in Fig. 1 shows that scores for all of the criteria are strongly significantly correlated (p<0.001) with each other. However, the linear correlation coefficients between the criteria are varying, and especially low for criterion C7.
Similarly, the Spearman's rank order correlation between the readers' responses are presented in Fig. 2. 
Discussion
Image quality
I26 with Safire 3 was the most preferred technique in this study for all criteria and for the overall image quality. The difference between Safire 3 and other options were statistically significant for some criteria (C1,C2,C3, C6, and overall), the difference between the B26/I26 and B36/I36 were not statistically significant. The magnitude of the differences are easier to observe in Table 6 for VGAS. The difference in favor of Safire 3 is consistent but small. Evaluation of the clinical relevance of this difference is beyond the scope of this paper, and might be minimal.
The importance of sharpness and noise level depends on the diagnostic task. For the criteria in this study B26/I26 was slightly, but not significantly, better than the sharper B36/I36 kernel. For other criteria B36/I36 might perform better than B26/I26. This study did not aim to determine the best possible kernel for a general post mortem cardiac study, but rather confirm the applicability of an existing clinical protocol in a forensic setup. If the baseline method would perform worse than any of the alternatives, then it would indicate this protocol couldn't be derived from clinical protocol, and definitely would need a dedicated protocol optimization study.
The results imply that in this case there is no indication of sub-optimal performance. Presence of foreign objects, sever tissue degradation or other substantial differences from clinical volumes might require different protocols.
Response time analysis
There was no time constraint set for the reading session, but response times were recorded for each displayed volume each readers. and second-round response times for reader #4, who wanted to restart the study after a few volumes to correct her answers.
The response time graph (Fig. 3) is included for two reasons. First, it is a legitimate concern that readers became tired during the study and they lost attention. A linear fit after the fifth response shows that average the response times slightly decreased as the study proceeded. This change is approximately 0.5sec/volume which is statistically not significant, and arguably negligible. Second reason for the graph is to demonstrate that the readers used similar amount of time even though they were not constrained. The response time for the very first task was excluded for all readers because it contained the preparation time too.
Outliers
One reader gave counter-intuitive responses for the last criterion. Does inclusion or exclusion of these responses change the final results? The above analysis included all the responses. Excluding these presumed outliers would slightly decrease the p-values, but would not change significance. We did not consider them influential and rather kept the original data set. 
Inter-observer differences
Both the response time analysis and the outlier points indicate some interobserver differences. This difference might originate from the challenging evaluation of forensic volumes, but it also might be an underlying difference between the readers. We felt important to disclose this limitation of the study, and presented it in the most concise form in Fig. 2 . Note that reader 4 was removed from study, as it was mentioned in the Materials and methods section.
Future work
Visual grading analysis has known short-comings. Most notably, VGA requires large number of responses to differentiate between similar quality images. The readers also might change their preference scale during the reading session which is known as adaptation [17] . To overcome these limitations, pairwise comparisons [18] (PC) might follow VG sessions. While PC makes easier to choose the best from two options, the number of comparisons increase quadratically with the number of options. Similarly to VG, strict criteria are required for PC to avoid being a "beauty contest'' and other systematic errors.
Conclusion
The study found the same kernel and iterative reconstruction (I26 Safire 3) optimal in forensic CT as in clinical use, despite the differences between the clinical and forensic setups.
